A strain, PEPV15 T , was isolated from a nodule on Phaseolus vulgaris grown in soil in northern Spain. Phylogenetic analyses of 16S rRNA and atpD genes showed that this strain belongs to the genus Phyllobacterium. The most closely related species were, in both cases, Phyllobacterium brassicacearum, Phyllobacterium bourgognense and Phyllobacterium trifolii, the type strains of which gave sequence similarities of 98.9, 98.6 and 98.4 %, respectively, in the 16S rRNA gene and 88.1, 87.5 and 88.7 %, respectively, in the atpD gene. PEPV15
quinone (88 %) and low amounts of Q-9 (12 %). It differed from its closest relatives in its growth in diverse culture conditions and in the assimilation of several carbon sources. The strain was not able to produce nodules in Phaseolus vulgaris. The results of DNA-DNA hybridization, phenotypic tests and fatty acid analyses confirmed that this strain represents a novel species of the genus Phyllobacterium for which the name Phyllobacterium endophyticum sp. nov. is proposed; the type strain is PEPV15 T (5LMG 26470 T 5CECT 7949 T ). An emended description of the genus Phyllobacterium is also provided.
Phaseolus vulgaris is the most important Phaseolus species in the human diet, being commonly cultivated in northern Spain where it is nodulated by Rhizobium leguminosarum (García-Fraile et al., 2010) . Rhizobia coexist with other endophytic bacteria in bean nodules, such as Cohnella phaseoli isolated from nodules of Phaseolus coccineus in Spain (García-Fraile et al., 2008) . In the present work we report a novel non-nodulating strain from the genus Phyllobacterium, PEPV15 T , isolated from root nodules of Phaseolus vulgaris in Salamanca (Spain).
The genus Phyllobacterium was described by Knösel in 1962 and, at the time of writing, contained seven species, Phyllobacterium myrsinacearum isolated from leaf nodules of Myrsinaceae (Mergaert et al., 2002) , Phyllobacterium catacumbae isolated from a volcanic rock (Jurado et al., 2005) , Phyllobacterium trifolii nodulating Trifolium (Valverde et al., 2005) and four species isolated from the rhizoplane of different plants, Phyllobacterium brassicacearum, Phyllobacterium bourgognense, Phyllobacterium leguminum and Phyllobacterium ifriqiyense (Mantelin et al., 2006) . The data obtained in this study show that strain PEPV15
T belongs to a novel species of genus Phyllobacterium.
Strain PEPV15
T was isolated from a nodule of Phaseolus vulgaris growing in Pedrosillo el Ralo (41 u 039 530 N 5 u 339 190 W; Salamanca, northern Spain) during a study of rhizobia and nodular endophytes present in different legumes. To sterilize the root nodules, they were washed several times with sterile distilled water and were then surface-sterilized in HgCl 2 (2.5 %, w/v) for 2 min. The nodules were rinsed five times with sterile distilled water and then crushed using a sterile glass rod. The homogenized nodule tissue was inoculated on yeast mannitol agar, YMA (Vincent, 1970) , 20 g agar l
21
) and the plates were incubated at 28 u C for 4 days. The cultures used in further phenotypic and molecular studies were purified from a single colony after 2 days incubation at 28 u C on YMA. The colonies were white, mucoid, translucent and convex on this medium. To test the symbiotic characteristics of the new bacterial isolate, Phaseolus vulgaris plants were inoculated as described by Velázquez et al. (2005) , using Rhizobium tropici CIAT 899 T as a positive control. The strain isolated in this study was unable to produce nodules in Phaseolus vulgaris.
The strain PEPV15
T was grown in nutrient broth (Difco, Becton Dickinson, BBL) for 48h at 22 u C to check for motility by phase-contrast microscopy using the hanging drop method. Gram staining was carried out by the procedure described by Doetsch (1981) after 24h incubation at 28 u C. The flagellar type was determined by electron microscopy after 48 h incubation of strain PEPV15
T in nutrient agar (Difco, Becton Dickinson, BBL) at 22 u C as has been previously described (Rivas et al., 2007) . Cells of strain PEPV15
T were Gram-negative, rod-shaped, nonsporulating, motile by means of a polar flagellum and commonly observed as single cells (Fig. S1 , available in IJSEM Online).
The 16S rRNA gene of strain PEPV15
T was amplified and sequenced as described by Rivas et al. (2007) and the atpD gene as described by Gaunt et al. (2001) . The sequences obtained were compared with those from GenBank using the BLASTN program (Altschul et al., 1990) and the 16S rRNA gene sequences were also compared with those from EzTaxon database (Kim et al., 2012) . Sequences were aligned using the CLUSTAL_X software (Thompson et al., 1997) . The distances were calculated according to Kimura's two-parameter model (Kimura, 1980) . Phylogenetic trees of 16S rRNA and atpD genes were inferred using the neighbour-joining (NJ) analysis (Saitou & Nei, 1987) and maximum-likelihood (ML) (Rogers & Swofford, 1998) was also used in the case of the 16S rRNA gene. MEGA5 software (Tamura et al., 2011) was used for all analyses.
The resulting NJ tree from 16S rRNA gene analysis is showed in Fig. 1 T were in all cases near to 88 %. These low values suggested that this strain could represent a novel species of the genus Phyllobacterium. Analysis of the predicted atpD proteins showed that strain PEPV15
T clustered with the same species as when the gene was analysed. The atpD predicted protein from strain PEPV15
T has two, one and one amino acid differences in the sequenced fragment with respect to Phyllobacterium brassicacearum LMG 22836 T , Phyllobacterium bourgognense LMG 22837
T and Phyllobacterium trifolii PETP02 T , respectively. These differences were higher than those found between other species of the genus Phyllobacterium such as Phyllobacterium trifolii and Phyllobacterium brassicacearum and among several species of the most closely related other genus, Mesorhizobium. Therefore, analysis of the atpD predicted protein supports the hypothesis that strain PEPV15
T represents a novel species of the genus Phyllobacterium.
DNA-DNA hybridization experiments were carried out using the method of Ezaki et al. (1989) following the recommendations of Willems et al. (2001) . DNA from strain PEPV15
T was hybridized with DNA from Phyllobacterium brassicacearum LMG 22836 T , Phyllobacterium bourgognense LMG 22837
T and Phyllobacterium trifolii PETP02 T showing 37, 11 and 10 % DNA relatedness, respectively. All these values are lower than the threshold value of 70 % DNA-DNA similarity for definition of bacterial species (Wayne et al., 1987) .
DNA for analysis of DNA base composition was prepared according to Chun & Goodfellow (1995) . The DNA G+C content (mol%) was determined using the thermal denaturation method (Mandel & Marmur, 1968) . The G+C content of strain PEPV15
T was 52 mol%. This value is within the range of G+C content for the genus Phyllobacterium since species of this genus have values ranging from 51 to 58 (Mantelin et al., 2006) .
The cellular fatty acids were analysed by using the Microbial Identification System (MIDI; Microbial ID) Sherlock 6.1 and the library RTSBA6 according to the technical instructions provided for this system (Sasser, 1990) . The strains were grown on TSA plates (Becton Dickinson, BBL) for 48 h at 28 u C. The strains Phyllobacterium brassicacearum LMG 22836 T , Phyllobacterium bourgognense LMG 22837
T and Phyllobacterium trifolii PETP02 T were included in this analysis together with PEPV15 T . The results of the fatty acid analysis are shown in Table 1 . The major fatty acids (present at levels higher than 10 %) present in strain PEPV15
T were C 16 : 0 (22.6 %), C 19 : 0 cyclov8c (13.9 %) and summed feature 8 (C 18 : 1 v6c/C 18 : 1 v7c; 39.1 %). Strain PEPV15
T differed from the remaining tested strains in the minor presence of C 18 : 1 2-OH. It also differed from Phyllobacterium brassicacearum 
Mesorhizobium australicum WSM2073 T (AY601516)

Mesorhizobium chacoense PR5 T (AJ278249)
Aminobacter lissarensis CC495 T (AF107722)
Aminobacter aminovorans DSM 7048 T (AJ011759)
Aminobacter aganoensis DSM 7051 T (AJ011760)
Aminobacter ciceronei IMB-1 T (AF034798)
Aminobacter niigataensis DSM 7050 T (AJ011761)
Mesorhizobium alhagi CCNWXJ12-2 T (EU169577)
Mesorhizobium camelthorni CCNWXJ40-4 T (EU169581)
Chelativorans oligotrophicus LPM-4 T (EF457242)
Chelativorans multitrophicus DSM 9103 T (EF457243)
Nitratireductor kimnyeongensis KY 101 T (AM498744)
Nitratireductor aquibiodomus NL21 T (NR025262)
Nitratireductor basaltis J3 T (EU143347)
Pseudaminobacter salicylatoxidans BN12 T (AF072542)
Pseudaminobacter defluvii THI 051 T (D32248)
Aquamicrobium defluvii LMG 22048 T (Y15403)
Defluvibacter lusatiensis DSM11099 T (AJ132378)
Hoeflea alexandrii AM1V30 T (AJ786600)
Hoeflea phototrophica DFL-43 T (AJ582088)
Hoeflea marina LMG 128 T (AY598817)
Phyllobacterium leguminum ORS 1419 T (AY785323)
Phyllobacterium myrsinacearum IAM 13584 T (D12789)
Phyllobacterium brassicacearum STM 196 T (AY785319)
Phyllobacterium endophyticum PEPV15 T (JN848778)
Phyllobacterium bourgognense STM 201 T (AY785320)
Phyllobacterium trifolii PETP02 T (AY786080)
Phyllobacterium ifriqiyense STM 370 T (AY785325)
Phyllobacterium catacumbae CSC19 T (AY636000) 'Aliihoeflea aestuarii' N8 (EF660756)
Parvibaculum lavamentivorans DS-1 T (AY387398)
Bradyrhizobium japonicum LMG 6138 T (S46916) T mainly in the amount of C 16 : 0 , which was twice that in the case of strain PETP02 T , and in the amount of summed feature 8 (C 18 : 1 v6c/ C 18 : 1 v7c), which was lower in the case of strain PEPV15 T .
The strain was cultivated for 48 h in TSA at 28 u C to obtain the cell mass required for quinone analysis that was carried out by the Identification Service and Dr Brian Tindall at the DSMZ (Braunschweig, Germany). The strain contained Q-10 as the major quinone (88 %) and low amounts of Q-9 (12 %).
Strain PEPV15
T was grown on TY plates (0.4 % tryptone, 0.3 % yeast extract, 0.09 % CaCl 2 and 2 % agar) for 24 h for analysis of catalase and oxidase production. Catalase production was assayed by using 0.3 % hydrogen peroxide with one colony taken from TY plates. Oxidase activity was detected by using N,N,N9,N9-tetramethyl-1,4-phenylenediamine dihydrochloride. Abilities to grow at different temperatures (from 4 u C to 39 u C) and in the presence of different NaCl concentrations (1-2.5 %) were determined on YMA modified medium described above. The ability to grow at different pH (from 4.5 to 8) was also determined ). PCA buffer (Na 2 HPO 4 0.4 M and citric acid 0.2 M) was used to adjust the pH from 4.5 to 6.5 and TE buffer (Tris 0.2 M adjusted to pH 8 with HCl plus EDTA 1 mM) was used for pH 8. Nitrate reduction was tested in nitrate broth adjusted to pH 7 (Claus & Berkeley, 1986) containing 5 g peptone l
21
, 3 g beef extract l 21 and 1 g potassium nitrate l
. Urease production was checked in urea broth (Fluka Germany). Other physiological and biochemical tests were done using the API 20NE and API ID32GN (bioMérieux) following the manufacturer's instructions after 72 h and after 5 days incubation at 28 uC. For testing the natural antibiotic resistance the following antibiotics were used: ampicillin (2 mg), erythromycin (2 mg), ciprofloxacin (5 mg), penicillin (10 IU), polymyxin B (300 IU), cloxacillin (1 mg), oxytetracycline (30 mg), gentamycin (10 mg), cefuroxime (30 mg) and neomycin (5 mg), (Becton Dickinson, BBL). The disc diffusion method on yeast mannitol agar (YMA) medium (Vincent, 1970) was used. The type strains of all species from the genus Phyllobacterium were included in the phenotypic study as reference. Phenotypic characteristics of the new species are reported below in the species description and the differences with respect to the most closely related species of the genus Phyllobacterium are recorded in Table 2 for Phyllobacterium brassicacearum and Phyllobacterium bourgognense although assimilation of gluconate by the type strains of these species was negative according to the API 32GN system and that of L-alanine was positive for the type strain of Phyllobacterium brassicacearum. In the case of Phyllobacterium trifolii the assimilation of sucrose was positive according to the API 32GN system whereas it was not detected by Valverde et al. (2005) using the API 50CH system. In Table S1 , the phenotypic characteristics of all species of the genus Phyllobacterium have been recorded. In summary, the phylogenetic, chemotaxonomic and phenotypic characteristics of the strain PEPV15 T showed that it represents a novel species for which the name Phyllobacterium endophyticum sp. nov. is proposed.
Emended description of the genus
The description of the genus Phyllobacterium is as given by Mantelin et al. (2006) , with the following amendment. Assimilation of maltose is variable.
Description of Phyllobacterium endophyticum sp. nov.
Phyllobacterium endophyticum (en.do.phy9ti.cum. Gr. pref. endo within; Gr. n. phuton plant; L. neut. suff. -icum adjectival suffix used with the sense of belonging to; N.L. neut. adj. endophyticum within plant, endophytic, because the type strain was isolated from the interior of a plant nodule).
Gram-negative aerobic rods, as for the other species of the genus. Colonies are small (less than 2 mm in diameter) and pearl white in YMA at 28 u C after 48 h incubation. Temperature range for growth is 5-39 u C (optimal growth occurs at 28 uC). The pH range for growth is 6-8 (optimal growth occurs at pH 7). Grows in the presence of NaCl concentrations up to 2 % (w/v). The major cellular fatty acids are C 16 : 0 , C 19 : 0 cyclo v8c and C 18 : 1 v6c/C 18 : 1 v7c (summed feature 8). The major quinone is Q-10 and Q-9 is detected in low amounts. Nitrate reduction and b-galactosidase are negative and aesculin is hydrolysed according to the API 20NE system. Arginine dihydrolase, indole, gelatinase and urease are not produced. According to the same system glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine and malate are used as carbon sources. Assimilation of maltose, gluconate, caprate, adipate, citrate and phenylacetate is negative. In the API ID32GN system the assimilation of L-rhamnose, D-ribose, inositol, lactate, Lalanine, D-mannitol, D-glucose, L-fucose, D-sorbitol, Larabinose, 3-hydroxybutyrate and L-proline is positive. Assimilation of sucrose, maltose, itaconate, suberate, glycogen, 3-hydroxybenzoate, L-serine, salicin, melibiose, propionate, caprate, valerate, citrate or 4-hydroxybenzoate is negative. The assimilation of N-acetylglucosamine is slow (positive after 5 days of incubation). That of malonate, acetate, 5-keto-gluconate, L-histidine and 2-ketogluconate is weak. Sensitive to ciprofloxacin, gentamicin, neomycin, polymyxin B and tetracycline. Resistant to ampicillin, penicillin, cefuroxim, cloxacillin and erythromycin.
The type strain is PEPV15 T (5LMG 26470 T 5CECT 7949 T ), isolated from a nodule of Phaseolus vulgaris in Salamanca (Spain). The DNA G+C content of strain PEPV15
T is 52 mol%.
